and (N = 189,055 in 2013) which included: weight, height, rural / urban, gender and vulnerability obtained from JUNAEB´s survey. BMI Z, % obesity and 3 categories of vulnerability (very vulnerable, moderate, non-vulnerable) were determined. For the descriptive analyses, we used t tests and for predictor variables (2 categories of vulnerability) and outcome (obesity) by sex and area, we used c 2 . Logistic regression models determined OR to develop obesity by Results: % obesity was 19.6% and 24.1% in 2009 and 2013, higher in boys. In urban and rural areas respectively, OR to develop obesity were: 0.85 (0.82-0.88) and 0.70 (0.64-0.75) in the most vulnerable students and 0.94 (0.91-0.97) and 0.81 (0.74-0.88) in those with moderate vulnerability in 2009 and 0.96 (0.93-0.98) and 0.89 (0.82-0.96) in the most vulnerable students and 0.99 (0.96-1.02) and 0.94 (0.86-1.02) in students with moderate vulnerability in 2013. The highest increase in obesity was observed among the most vulnerable group from rural areas (16, 6 to 24.3%). vulnerability. Conclusion: The non-vulnerable group had the highest % obesity. Although the most vulnerable students in rural areas had the lowest obesity risk in both years, the highest increase in obesity during the period, occurred in that group.
Introduction
According to World Health Organization (WHO), obesity is defined as an abnormal or excessive fat accumulation and is considered a chronic multifactorial disease whose prevalence has gradually increased in nearly all countries, having an impact on the increase of diseases such as dyslipidemia, metabolic syndrome, heart disease and cancer [1] [2] [3] [4] . A systematic review by Reilly and Kelly 5 showed that there is wide evidence that overweight and obesity in childhood and adolescence, besides having adverse consequences in adult morbidity, is also related to early death.
Over the last decades many efforts have been made to address obesity, however, implemented strategies have not been very effective. This is alarming because the evidence shows that the onset of obesity in childhood substantially increases the possibility of having this condition in adulthood 6 , as shown by a study in the US by Whitaker et al. 7 . The authors showed that the possibility of developing obesity in young adults was 10.3 times higher in children who had been obese between the ages of 6 and 9, compared to those who were not obese at that age.
In Chile, childhood obesity has experienced a steady increase in the last years, as reported by the National Board of School Aid and Scholarships (JUNAEB) in its nutritional map of first grade schoolchildren, which shows an obesity prevalence of 17% in 2001 increasing to 19.4%, 22.1%, and 25.3 % in 2006, 2011 and 2013 respectively 8 . This increase is partly attributed to the country's rapid evolution from an economic pre-transition to a post-transition stage, characterized by an increase in per capita income, increased consumption of high-calorie foods and an increase in sedentary lifestyles which has led to changes in lifestyles and factors that influence them [9] [10] [11] [12] . There is evidence showing a relationship between socioeconomic status (SES) (usually determined through the total or per capita income of household members and/or the educational level of the head of household and/or the mother) and childhood obesity. In this context, it has been observed that this relationship is presented in different ways depending on the stage countries (or regions) find themselves in the epidemiological and nutritional transition. In general, in developed countries an inverse association between SES and childhood obesity has been found [13] [14] [15] , however, in developing countries, obesity is more prevalent in families of higher SES 16, 17 , especially in poorer countries. Nearly all studies in Chile show a higher prevalence of childhood obesity in children of lower SES. This has been reported by Amigo H et al. 18 ; Olivares S et al. 19 ; Kain et al. 20 , however, Adjemian et al did not find an association 21 .
The aims of this study were: a) to determine the risk of obesity according to SES in 2009 and 2013 for students attending first grade in public and/or subsidized private schools; and b) to verify how the risk changes in the period, according to gender and urban/rural distribution.
Participants and Method

Participants
The study population included the total number of students who attended first grade during 2009 and 2013, with no errors in the records and who met the age inclusion criteria, between 60 and 96 months and plausible Z scores on BMI/age, weight/age or height/ age indicators. The study populations was 175,462 in 2009 and 189,055 in 2013 ( Figure 1 ).
This population was obtained from databases that JUNAEB collects annually, which includes approximately 65% of children attending first grade in the country. With these data, the institution determines the nutritional status of the students and the results are published in the so called Nutritional Map (www.junaeb.cl). For nutritional classification, the BMI/age Z score has been used since 2001, defined as the distance of an individual's BMI from the BMI of a reference population for his or her age and gender 22 . In this study, this variable was determined using i WHO Anthro-Plus software which uses the WHO 2007 reference 8, 23 . The cut-off point to determine obesity was defined as BMI/age Z ≥ 2 of the reference.
Although the collection of weight and height data is carried out by trained teachers using different types of equipment and precision 24 , due to its wide coverage, this data is considered a census of first-grade students attending public schools in the country.
JUNAEB also registers the SES of the students, according to the National System Allocation for Equality (SINAE), which is expressed through the SINAE School Vulnerability Index (SINAE-SVI) 25 , that is mainly based on the score of the Social Protection Survey (FPS), a methodology applied since 2007 to determine the SES of households to remain or fall into poverty and thus focus social programs 26 . The SINAE-SVI allows classifying students individually as vulnerable, not vulnerable and without information. The SES category is classified into 3 sub-categories: category 1 includes those children who are more vulnerable, while category 2 and 3 include children with a moderate vulnerability. The only difference between these two categories is that category 2 includes children with educational risk. For the purposes of this study, the last two categories were merged.
Statistical analysis
A descriptive analysis of the frequencies of the categorical variables was carried out by gender, geographical area, SES categories, and nutritional status of the students in 2009 and 2013. Subsequently, an exploratory analysis was carried out in order to assess normality of the variables through Shapiro-Wilk test and a bivariate analysis for the predictor variable (SES category) and the response variable (obesity) stratified by gender and geographical area through the Chisquare test. Student's t-test was also used to compare the mean population of independent samples of the variable BMI/age Z in order to make the following comparisons: between years (2009 and 2013), between genders of the same year and different years; between geographical areas of the same year and different years; between years by SES category and between SES categories per year.
In order to determine the association between obesity and SES, a logistic regression model with dichotomous response variable (obese/non-obese) was used to calculate their respective Odds Ratio (OR) for each year of the study, adjusting for gender and stratified by geographical area. The SES category used as a reference was the group of non-vulnerable students.
Finally, the Homer-Lemeshow goodness of fit test was applied, which defined if the logistic regression model was adjusted to what was observed in the data that were analyzed.
For statistical analysis a level of confidence of 95% and significant values of p < 0.05 were considered. For statistics and data analysis STATA 12.0 ® software was used For the purposes of the study, the databases provided by JUNAEB did not include variables of personal identification according to what is stipulated in Law 19,628 about protecting private life, so therefore it was not necessary to submit this study to the Ethics Committee of Institute of Nutrition and Food Technology (INTA).
Results
The percentage of excluded subjects in both years was acceptable 15.7% in 2009 and significantly lower in 2013, 7.7% (Figure 1 ). These percentages should not affect the study results, due to the large population size. Table 1 shows the distribution of studied variables in 2009 and 2013 by gender and geographical area and their comparison in the period. According to gender, only the obesity prevalence and consequently the mean BMI Z was significantly higher in boys in both years, while according to geographical area, significant differences were observed in the percentages of subjects in each SES category. In the rural area, the proportion of vulnerable children was significantly higher than in the urban area in both years. The most important changes in the period were a significant increase in both obesity and mean BMI Z (p < 0.01) in both genders and the proportion of very vulnerable children (similar in both genders). The proportion of very vulnerable students in urban areas showed the highest increase in the period (33.9% to 40.8%) (p < 0.01). prevalence was higher in non-vulnerable students, however, in both genders, the highest increase was observed in the most vulnerable group. Figure 3 shows the same distribution according to geographical area. In both years, non-vulnerable students showed a greater proportion of obesity which was higher in rural areas, however, the largest increase was observed in the most vulnerable group in both areas. Table 2 shows the results of the logistic regression model which assess the association between SES and obesity. Firstly the interaction between gender and SES was assessed showing non-significant results for both study years (p > 0.05), therefore, the results are shown together for both genders. In assessing the interaction between geographical area and SES, a significant result was obtained in 2009 (p < 0.05) and a non-significant one in 2013 (p > 0.05).
In urban areas in 2009, the most vulnerable students (compared to non-vulnerable ones) presented an OR of 0.85 (CI: 0.82-0.88) in contrast, in students with moderate SES an OR of 0.94 (CI: 0.91-0.97) was observed. In the rural areas, the OR was of 0.70 (CI:
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Discussion
The main results of this study showed that the obesity prevalence increased significantly in all groups between 2009 and 2013. The prevalence was higher in boys, however, the increase in the period was similar in both genders. The risk of obesity was lower in the most vulnerable children in both years, however, the highest obesity increase was in this group, especially in rural areas. This would indicate that the nutritional profile and physical activity might be changing at a faster pace in rural areas 27 . Our study found a weak and inverse association between SES and obesity in 2009 which decreased and it was significant only among the most vulnerable stu-dents in rural areas in 2013. This would indicate that those students with higher SES have a lower risk of obesity compared to non-vulnerable students. These results are similar to those reported by Carrillo et al. in Peruvian children who reported higher incidence of childhood obesity among the less poorer group 28 and Friedman et al. in Ukraine who observed that middleclass children were 60% more likely to be overweight than those in the lower socioeconomic class 29 . The results described in this study are usually observed in countries that are in nutritional post-transition and in societies with a high level of development, where the most vulnerable people are more susceptible to weight gain [30] [31] [32] . This was also raised by Figueroa Pedraza 33 in his publication about obesity and poverty in Latin America when he observed that in different countries, this relationship can be "influenced by the level of social and economic development of the country" and among the factors that influence both the process of urbanization and the industrial development of rural areas. Both situations would be associated with an increase in the consumption of foods with high-calorie density and a decrease in caloric expenditure.
In this study, the highest proportion of students with some level of vulnerability lived in rural areas. The difference in SES between urban and rural areas has also been reported in other Latin American countries such as Argentina and Colombia 34, 35 . It is worth mentioning that students who constitute the JUNAEB databases are mostly classified in the first three income quintiles, therefore the "non-vulnerable" schoolchildren on average, would be in the third income quintile. Peroni A 36 showed, using the income classification from the National Socio-Economic Characterization Survey (CASEN) 2006, the highest prevalence of childhood obesity was found in children from the third income quintile, a situation that varied in 2015, since the percentage of childhood obesity was higher in children from the first quintile, in other words, the poorest 37 . The differential increase in obesity according to SES over time that we observed in this study has also been reported in Chilean adults, as shown by the National Health Surveys 2003 and 2010, where, in adult women with a low educational level, the prevalence of obesity increased from 38.4% to 46.7%, while in those with a high educational level of, it increased from 15.9% to 19.0% between 2003 and 2010 38, 39 . The prevalence of obesity was significantly higher in boys, a result that did not vary when stratified by SES. The difference in prevalence by gender has also been reported by Kain et al. in 2014 , where it was 22.7% and 16.5% in 6-year-old boys and girls respectively 20 ; and in Mexico, the United States and Brazil, where the prevalence was 17.4% and 11.8%, 20.1% and 15.7%, 16.6% and 11.8% in boys and girls respectively [40] [41] [42] . This difference could be partly due to the use of the WHO reference to determine the prevalence of obesity as reported by Monasta et al. who compared the prevalence of obesity in 61-months-old children using the WHO and IOTF references, finding that it was 9% in boys and 4% in girls using the WHO reference and 4% and 3% using the IOTF reference respectively 43 and Rolland-Cachera in children aged 7-9 years, 10.8% in boys and 6.8% in girls using the WHO reference and 4.0% and 3.7% using the IOTF reference 44 . The main strength of this study is its representativeness among the Chilean population in first grade since it includes approximately 65% of all children inthis level. In addition, as this study determined the prevalence of obesity stratified by SES and geographical area (rural/urban) over a period of 4 years, it was possible to quantify in each group the change in the period.
Among the weaknesses of the study, it is necessary to mention that we do not know how reliable is the weight and height data, due to the inadequate training received by the personnel who carry out the measurements and the equipment used, however, a study carried out by INTA showed that there is a good concordance when comparing the measurements registered by JUNAEB and highly qualified nutritionists (without significant differences) 45 . Additionally, there is a bias in the SES classification and this is mainly due to the assignment of the Social Protection Survey score and the fact that the standard allows the most vulnerable students to remain in this condition for 3 years (even if their situation varied during the period). As a result, the proportion of vulnerable students was not only very high, but increased over time in contrast with what is reported in the CASEN surveys on the evolution of the poverty level in the country. Thus, the CA-SEN Survey 2013 (www.mds.cl) shows that using any of the current criteria, in other words, "multidimensional poverty" or "poverty by income level", poverty decreased significantly during the study period. For instance, using the second criterion, the percentage of poor population was 11.4 and 7.8% in 2009 and 2013 respectively. The bias that originates when using the SINAE-SVI cannot be measured, since in the JUNAEB bases it is impossible to know if the child actually comes from a family classified with the indicators used by the CASEN survey to determine poverty, however, it is most likely that the poorest are included in the very vulnerable group.
In conclusion, both in 2009 and 2013, the most vulnerable students in rural areas presented the lowest risk of obesity, however, the increase in this risk was only significant in the most vulnerable group, mainly those residing in rural areas.
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